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割作用使 RIP1 和 RIP3 失活，进而阻断了细胞坏死信号通路。然而，MLKL 作
为 RIP3 的磷酸化底物，在坏死信号通路的执行中发挥着重要作用。因此，我们
猜想，MLKL 是否也会像 RIP1 和 RIP3 一样，在细胞凋亡的过程中被 caspase 切
割。 
通过研究我们发现，MLKL 在细胞凋亡过程中确实能被切割，但执行切割作
用的蛋白酶不是 caspase-8，而是执行 caspase-3。MLKL 被切割后形成两个蛋白
片段 MLKL-1-140 和 MLKL-141-471。其中，MLKL-1-140 由于半衰期较短，在
生成后迅速降解，而 MLKL-141-471 通过与内源的 MLKL 竞争性地结合 RIP3 进






















Apoptosis is widely appreciated as a major mechanism of regulated death, in 
which a class of proteases called caspases play central roles. And owing to this, 
apoptosis has been viewed as synonymous with caspase-dependent cell death. Contrast 
to apoptosis, necrosis has long been received as an unregulated and passive cell death 
which occurs in conditions of severe physical or chemical insults. However, recent 
findings reveals that necrosis can also occur in a regulated manner and is essential for 
many physiological and pathological processes, including the development of 
organisms, the response to tissue injury and anti-virus immunity. RIP3 is the 
determining factor of necrosis response, yet other proteins such as RIP1 and MLKL 
also involve in this progress.  
Apoptosis and necrosis, the two major modes of cell death, have an intricate 
interplay. At one hand, necrosis can served as an alternative death pathway when 
apoptosis is blocked. At the other hand, apoptosis can terminate the necrosis pathway 
by some mechanisms. For example, caspase-8 is able to cleave RIP1 and RIP3, 
effectively terminating necrosis. However, MLKL, the substrate of kinase RIP3, has 
emerged as a critical executor of programmed necrosis. So we guess that whether 
MLKL is also cleaved by caspase in the progress of apoptosis as RIP1 and RIP3. 
To test its possibility, we performed a serious of experiments and found that 
MLKL was indeed cleaved in the process of apoptosis. However, the protease 
responsible for cleavage of MLKL is not caspase-8 but caspase-3. Two fragments, i.e. 
MLKL-1-140 and MLKL-141-471, were produced after cleavage. Because of the short 
half-life, MLKL-1-140 degrade soon after the production, while the another fragment 
MLKL-141-471 can inhibit the necrosis-inducing activity of endogenous MLKL by 
means of competitive binding to RIP3. 
This study will enrich our comprehension of relationship between apoptosis and 
necrosis, make much progress in the understanding of functions of MLKL in necrosis 
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Fig.1.1 Hallmarks of the apoptotic and necrotic cell death process 





































































Fig.1.2 Extrinsic and intrinsic pathways of apoptosis  










































凋亡抑制蛋白（inhibitors of apoptosis proteins，IAPs）。 
截至目前，共有8种人类的IAP同源物被发现，其中包含NAIP，c-IAP1，c-IAP2，






























1.2 Caspase 蛋白简述 
























Fig.1.3 A schematic representation of structural features of mammalian caspases  
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